Factors determining the diffusion of digital mobile telephony across 200 developed and developing countries in the 1990s are studied with the aid of a Gompertz model. The market size and network effects are found to play more important roles in the developing countries; there is also more need for complementing innovations in, for example, financial and payment systems. Even though the developing countries have disadvantages, being late entrants in digital mobile telephony is to their advantage and promotes cross-country convergence. Overall digital technologies are best seen as equalizers, and thus the divide is rather socio-economic or analog than digital.
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Introduction
In recent decades wireline (fixed) telephony has increasingly been complemented and also replaced by wireless (mobile), which currently dominates in terms of worldwide usage (ITU, 2002b) . While the role of the Internet in economic developed has been emphasized, it should be pointed out that -with well over twice as many users worldwide -mobile telephony also holds considerable potential in this respect.
In both fixed and mobile telephony analog technologies have been taken over by digital ones. Indeed, the worldwide breakthrough of mobile telephony is associated with the commercial introduction of digital technologies in the early 1990s. Among the developed countries the average penetration rate (users per population) of analog mobile telephony peaked at less than five per cent in the mid-1990s, whereas the penetration of digital mobile telephony is currently some 50 per cent. The corresponding penetration rates among the developing countries are some ten times lower. Although also the switch from analog to digital mobile telephony has been somewhat slower among the developing countries, the diffusion patterns per se seem to be more similar in the case of digital mobile telephony.
Reasons for the success of digital mobile telephony are manifold. First, by economizing on the use of the limited radio spectrum, digitalization made the current levels of mobile telephony usage technically possible. Second, combined with other industry developments, digital mobile telephony offered end users a more attractive bundle in terms of price, quality, and services. In many countries competition was first introduced in digital mobile telephony with direct consequences on user cost. Digital mobile telephony had advanced data transmission (short messaging service etc.) and improved voice quality. In part thanks to lower power consumption of digital mobile telephony, smaller and lighter end-user terminals (handsets) became available. Third, and perhaps most importantly, with the expanding user base, network effects and economies of scale in both production and use accumulated rapidly. In short, with digitalization mobile telephony truly became a worldwide consumer market. Dekimpe et al. (1998) , Ahn and Lee (1999) , Burki and Aslam (2000) , Gruber (2001) , Gruber and Verboten (2001) , Liikanen et al. (2001) , Koski and Kretschmer (2002) , and Madden et al. (2004) are among the studies modeling cross-country mobile telephony diffusion. Some aspects of these studies are summarized in Table 1 .
Several things are noteworthy in Table 1 . First, with the exception Dekimpe et al. (1998) , the number of countries included in the analyses are relatively low, and none of the studies explicitly focus on comparing developed and developing countries. Second, with the possible exceptions Liikanen et al. (2001) as well as Koski and Kretschmer (2002) , the sets of (non-telecom) socio-economic explanatory variables remain rather modest, and only GDP per capita and a population measure are shared across studies. Third, again with the exceptions Liikanen et al. (2001) as well as Koski and Kretschmer (2002) , the dependent variable combines both analog and digital mobile telephony, although most studies acknowledge their important differences in one form or an other. This paper addresses the afore-mentioned deficiencies in the previous literature in studying the socio-economic factors driving the diffusion of digital mobile telephony. The possible differences between developed and developing countries with respect to these factors are of particular interest.
Model
Mobile telephony diffusion is studied with the aid of a Gompertz growth model, which in the past has been used to study, e.g., the spreading of computers (Stoneman, 1983: Ch. 10 ) and the Internet (Kiiski and Pohjola, 2002) . Although a wealth of alternatives exist (see, e.g., Stoneman, 2002) , the Gompertz model is parsimonious, linear in parameters, and allows for simple inclusion of socio-economic explanatory variables. Furthermore, interestingly Madden et al. (Madden and Coble-Neal, 2001; Madden et al., 2004) end up with a specification that is identical to the one derived below, although their starting point is a dynamic optimization problem of an economic agent rather than a diffusion model. 
where α is the speed of adjustment. The equilibrium level 
where β is a vector of coefficients. Inserting (2) into (1) Table 2 shows the year of commercial introduction of digital mobile telephony by country. As can be seen, developing countries typically adopt later and one in ten had not adopted at all by the end of 2000. 1 Besides the time of adoption, the penetration rates also differ considerably between the developed and developing countries. As shown in Figure 1 , the average penetration rate across the developed countries was one third, whereas the corresponding figure for the developing countries was five per cent at the end of 2000. Note: Including 78 developed and 123 developing countries as in Table 2 . Table 3 defines the socio-economic variables used in the analysis. The country's total population as well as population in the largest city are proxies for the overall size of the market. 2 Real GDP per capita controls for the wealth and income effects. Industry value added to GDP and the age-dependency ratio are used to account for the country's overall state of development. Private credit to GDP proxies the country's financial development. The ratio of trade to GDP controls for openness. Two well-known datasets are used to construct an index of political freedom accounting for the degree of democracy in the country's political system. PCs per capita proxies for the country's overall (non-telecom) technological level. If data for a given country was unavailable at the primary source(s), it was taken from the next source listed in the parenthesis. If multiple sources are listed but none are in the parenthesis, the data used for the country i at time t is the largest non-missing value among the sources listed.
The remaining variables in Table 3 relate to fixed as well as analog and/or digital mobile telephony. Fixed and analog mobile telephony penetration rates capture their substitutability or complementarity as well as possible network and/or economies of scale effects with respect to digital mobile telephony. 3 It is assumed that fixed telephony user cost captures other relevant aspects of fixed telephony. The dependent variable is constructed by taking a log difference of the number of digital mobile telephony users. Three indicators capture aspects of the digital mobile telephony market: the prepaid dummy takes the value of one (and is zero otherwise), if prepaid mobile telephony calling cards are available in the country in question; the many dummy takes the value of one (and is zero otherwise), if the country has competing standards in digital mobile telephony; and the competition dummy takes the value of one (and is zero otherwise), if the country has competing operators in digital mobile telephony. As mobile user costs cannot be constructed separately for analog and digital mobile telephony with the available data, we are forced to a combined mobile user cost instead. Since mobile handset prices are not available for the countries included to the analysis, the ratio of purchasing power parity to official exchange rate is used as a proxy. The idea behind this is as follows: handset prices are determined in international markets and are thus the same across countries in a given international currency; if, however, the purchasing power of the national currency is less than the official exchange rate suggests, the handsets bought in the international markets and imported to the country are effectively more expensive than in a country without such discrepancy. Table 4 presents the descriptive statistics of the untransformed variables that are usable in the regression analysis. The developed and developing countries are reported separately in order to aid the comparison of the two groups. The differences in means would seem to suggest that the developing countries are on average larger, their GDPs per capita and (non-telecom) technological levels are eight times lower, they have higher dependency ratios, private sector credit is less readily available, and they are less open and democratic than the developed countries.
As far as telecommunications related variables are concerned, their fixed telephony penetration rates are four times lower but user costs are twice as high. Analog and digital (not shown) mobile penetration rates are some ten times lower. Although in absolute terms mobile user cost is about one fifth lower in the developing countries, in relative terms (with respect to average income) it is manifold. Table 5 presents the correlation matrix of the variables. With the exception of the analog mobile telephony penetration, the number of digital mobile telephony users is statistically significantly correlated with all the explanatory variables considered: the correlations are negative with respect to the age-dependency ratio and trade. The latter correlation is driven by the fact that smaller countries tend to be more open. Note: Underlining indicates that the correlation coefficient is statistically significant at the 1% level. Figure 2 illustrates perhaps the most interesting unconditional pairwise correlation in the data. The scatter diagram shows the correlation between mobile telephony diffusion and average income. As suggested in many previous studies, the correlation is rather strong. The time-series cross-section patterns of the data in Table 6 reflect the years of mobile  telephony introductions in Table 2 , although the first annual observation of each time series is lost due to log differencing, which also leads to the loss of three developed and thirty three developing countries altogether. 4 In what follows, a fourth alternative is employed. It economizes on the use of available information without arbitrarily imputing missing values. Every time a missing value is encountered, it is replaced by zero. The novelty is, however, that a set of dummy variables is generated indicating when such replacements have been made. While these dummies do not have economic interpretations, they nevertheless control for the biases that would be introduced by an alternative imputation method.
All the regressions below are 'fully robust', i.e., the standard deviations are White (1980) heteroscedasticity consistent and arbitrary dependence of observations across t (autocorrelation) is allowed. Thus, the standard deviations are robust as long as the i s are independently distributed (for discussion see Stata, 2001 : section 23.11). Thus, the estimations are consistent in large samples with a relatively weak set of assumptions (see, e.g., Wooldridge, 2002 : sections 7.8.1-3).
In Table 7 a reduced model with the completely non-missing explanatory variables (Col. 1) as well as the full model with case-wise deleting the observations with missing values (Col. 2) and with the missing dummies (Col. 3) are estimated. In some ways results in Column 1 are not entirely unsatisfactory: all of the explanatory variables are statistically significant at conventional levels and findings of the previous literature are largely confirmed. The developing dummy is not statistically significant (wrongly) suggesting that the developing countries might not be too different. If the case-wise delete rule is applied (Col. 2), over one third of the observations is lost. Contrary to Columns 1 and 2, the missing dummies approach (Col. 3) suggests, that the developing countries might indeed be different.
Simply introducing the developing country dummy, as done in Table 7 , is a rather crude way of capturing the difference between the developed and developing countries. The two leftmost columns of Table 8 allow for the maximum generality in this respect by performing separate regressions for the developed (Col. 1) and developing (Col. 2) countries. Column 3 formally tests, whether the developed and developing countries effects are indeed different by including (a) the unaltered explanatory variables and (b) their interactions with the developing country dummy. A Chow test on the joint significance of the interacted explanatory variables is highly statistically significant, confirming that the developing countries are indeed different. 5 Note: ***, ***, and * respectively indicate significance at the 1, 5, and 10% level. Std dev. in parentheses.
5 To be precise, we perform a slightly more general Wald test using the generalized variance-covariance matrix: F(35, 164) = 2.50, i.e., Probability > F = 0.0001. Note: ***, ***, and * respectively indicate significance at the 1, 5, and 10% level. Std dev. in parentheses.
The leftmost column in Table 8 suggests, that the effects of five socio-economic explanatory variables and three missing dummies (not shown) are statistically significantly different between the developed and developing countries. Table 9 presents the final model, where this information is exploited by estimating separate coefficients for these variables (Sep. / Developed and Sep. / Developing) and joint ones for the others (Joint coeff.). Note: ***, ***, and * respectively indicate significance at the 1, 5, and 10% level. Std dev. in parentheses.
The final results suggest that the speed of adjustment (Digital, users) in digital mobile telephony does not differ between the developed and developing countries. The absolute size of the coefficient is slightly lower than the corresponding (cross-sectional) estimates in the Internet study of Kiiski and Pohjola (2002) . The market size effect (Population, total) is stronger in the developing countries. The population in the largest city (Population, city), measuring the size of the largest pool of demand that can be captured with relative ease, is only statistically significant in the developed countries. 6 Interestingly the wealth effect (Income) is not statistically significant after controlling for the other factors, which goes against the findings in the previous literature. Higher degree of industrialization, a lower age-dependency ratio, and openness (Trade) boost diffusion. The sign for the democracy measure (Freedom) is different between the developed and developing countries, but the variable itself is not statistically significant in either case. The overall (non-telecom) technological level seems to boost diffusion only in the developing country case. The positive signs for the fixed and analog mobile penetration rates indicate that network effects are present at the country level. Analog mobile penetration is a much more important factor in the developing country case. The may be an indication of two additional factors, i.e., the general economic potential for as well as the cultural and social acceptability of mobile telephony. The availability of prepaid mobile calling options is understandably more important in the developing countries, as the payment systems needed for per subscription services are likely to be less sophisticated. Having multiple standards in digital mobile telephony is more detrimental to diffusion in the developing countries, i.e., the unavoidable duplication of digital mobile telephony infrastructure and market uncertainty caused by the standards competition is more costly in terms of diffusion in the developing countries. According to our results, competition promotes diffusion in the developed and developing countries alike, which goes against the findings of Mureithi (2003). The raising and (mostly) statistically significant coefficients of the time dummies are interpreted as an indication of worldwide network effects and economies of scale. With globally expanding user base, the quality-adjusted 7 real prices of both digital mobile telephony network equipment and handsets have dropped constantly, and simultaneously uncertainties with respect to standards and dominant designs have reduced. Indeed, late entrants will experience more rapid diffusion once other things have been accounted for.
Conclusions
Yes -developing countries are different when it comes to the diffusion of digital mobile telephony, but not in the most obvious ways. The speed of adjustment is not too different from its developed world counterpart, and the wealth effect does not explain diffusion patterns but rather factors that it drives. The developing countries benefit from being late entrants in digital mobile telephony, as the developed countries have carried the burdens of accumulating global critical mass and resolving uncertainties related to standards and dominant designs. This is not to say that the developing countries would not be in a disadvantageous position: their typical penetration rates are lower and relative user costs (per average income) higher by the order of ten. It is, however, to say that the recent discussion on the digital divide and its widening may be somewhat misleading. In fact, digital technologies and their diffusion patterns rather promote cross-country convergence and, as compared to previous analog technologies, are exceptionally democratic in the sense that they are generally available and applicable worldwide shortly after their discoveries. Thus, these technologies are rather equalizers, and the divide is in fact socio-economic or analog rather than digital -observed differences in the diffusion of digital technologies are thus merely reflections of the analog divide.
As far as the other differences are concerned, it seems quite natural that in a developing country case having a large potential user base is more important, as the average revenue per user is likely to be lower. Network effects play a more important role in the developing countries, not least because infrastructure and logistics are, at least in relative terms, more expensive to build and maintain. Technological and market uncertainties have more detrimental effects on diffusion in the developing world. There is also more need for complementing (non-technical) innovations in the developing countries, e.g., in relation to (micro)finance and payment systems.
Up until now market developments in digital technologies have been driven by the needs of the developed world. Two factors are, however, slowly but surely changing this. First, as most developed markets are approaching their full penetration levels, equipment and service providers are increasingly focusing on the developing markets and adjusting their offerings accordingly. In digital mobile telephony some leading manufacturers have already introduced new network infrastructure equipment and accompanying handsets that enable profitable mobile telephony operation with less than one fifth of the previously necessarily average user revenue. With a few complementing financial and/or social innovations, e.g., á la GrameenPhone, new business models are altogether viable. Second, as the user bases in the developing countries expand, endogenous supplies of locally adapted and/or developed technical and non-technical innovations will emerge.
Various digital technologies are rapidly converging to a world where all voice and data communications are based on Internet protocols (IP) -technically quite similar content and delivery is merely being tailored for various channels and end-user needs. In the all-IP world digital mobile telephony, with its two-to threefold user base in a given developing country, might be a more potential way in attempting to catch up and even leapfrog the developed countries than the current PC-centric Internet world.
